Therapeutic use of general sodium channel blockers, such as lidocaine, can substantially reduce the enhanced activity in sensory neurons that accompanies chronic pain after nerve or tissue injury. However, because these general blockers have significant side effects, there is great interest in developing inhibitors that specifically target subtypes of sodium channels. Moreover, some idiopathic small-fiber neuropathies are driven by gain-of-function mutations in specific sodium channel subtypes. In the current study, we focus on one subtype, the voltage-gated sodium channel 1.8 (Na v 1.8). Na v 1.8 is preferentially expressed in nociceptors, and gain-of-function mutations in Na v 1.8 result in painful mechanical hypersensitivity in humans. Here, we used the recently developed gain-of-function Na v 1.8 transgenic mouse strain, Possum, to investigate Na v 1.8-mediated peripheral afferent hyperexcitability. This gainof-function mutation resulted in markedly increased mechanically evoked action potential firing in subclasses of Ab, Ad, and C fibers. Moreover, mechanical stimuli initiated bursts of action potential firing in specific subpopulations that continued for minutes after removal of the force and were not susceptible to conduction failure. Surprisingly, despite the intense afferent firing, the behavioral effects of the Na v 1.8 mutation were quite modest, as only frankly noxious stimuli elicited enhanced pain behavior. These data demonstrate that a Na v 1.8 gain-of-function point mutation contributes to intense hyperexcitability along the afferent axon within distinct sensory neuron subtypes. Ó
a b s t r a c t
Therapeutic use of general sodium channel blockers, such as lidocaine, can substantially reduce the enhanced activity in sensory neurons that accompanies chronic pain after nerve or tissue injury. However, because these general blockers have significant side effects, there is great interest in developing inhibitors that specifically target subtypes of sodium channels. Moreover, some idiopathic small-fiber neuropathies are driven by gain-of-function mutations in specific sodium channel subtypes. In the current study, we focus on one subtype, the voltage-gated sodium channel 1.8 (Na v 1.8). Na v 1.8 is preferentially expressed in nociceptors, and gain-of-function mutations in Na v 1.8 result in painful mechanical hypersensitivity in humans. Here, we used the recently developed gain-of-function Na v 1.8 transgenic mouse strain, Possum, to investigate Na v 1.8-mediated peripheral afferent hyperexcitability. This gainof-function mutation resulted in markedly increased mechanically evoked action potential firing in subclasses of Ab, Ad, and C fibers. Moreover, mechanical stimuli initiated bursts of action potential firing in specific subpopulations that continued for minutes after removal of the force and were not susceptible to conduction failure. Surprisingly, despite the intense afferent firing, the behavioral effects of the Na v 1.8 mutation were quite modest, as only frankly noxious stimuli elicited enhanced pain behavior. These data demonstrate that a Na v 1.8 gain-of-function point mutation contributes to intense hyperexcitability along the afferent axon within distinct sensory neuron subtypes.
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Introduction
Voltage-gated sodium channels are fundamental to neuronal excitation. This family consists of channels with 9 identified a-subunits that are expressed throughout the mammalian nervous system. One subunit, the sodium channel 1.8 (Na v 1.8 or Scn10a), is tetrodotoxin-resistant and preferentially expressed in dorsal root ganglion (DRG) sensory neurons. More specifically, Na v 1.8 expression is localized to a large percentage of putative nociceptors [2] , and its role in generating ectopic spontaneous activity of nociceptors during chronic inflammation, neuropathy, and tissue injury continues to be of keen interest [37] . Human patients with idiopathic small-fiber neuropathy were found to have gain-of-function Na v 1.8 mutations that produce peripheral mechanical hypersensitivity and DRG neuron hyperexcitability [19] . The mutations in these patients were diverse in location along the Na v 1.8 peptide sequence, but all led to increased voltage-gated sodium currents in small-diameter DRG neurons, many of which are nociceptors [19] . Recently, a mouse with a hypermorphic mutation to the Scn10a allele (Scn10a Psm/Psm ) was developed [7] . These mice have elevated sodium conductance and a peculiar phenotype termed ''Possum,'' which is characterized by full body immobility for approximately 30 seconds in response to scruffing of the neck [7] . Additionally, these mice display cold hypersensitivity, electroencephalographic changes, and sinus bradycardia.
Here, we investigated the functional consequence of a gain-offunction Na v 1.8 mutation in primary afferent fiber activity along the peripheral axon and terminals. We show that cutaneous afferent fibers in Possum mice have a profoundly dysfunctional phenotype in that they exhibit highly elevated action potential firing rates in response to sustained force applied to the peripheral terminals. Moreover, a subset of these fibers exhibit 
